We report results from a study of heavy-baryon spectroscopy within a relativistic constituentquark model, whose hyperfine interaction is based on Goldstone-boson-exchange dynamics.
Framework
We view hadrons as relativistic bound states of constituent quarks Q. Baryons are are thus considered as {QQQ} systems. Even if heavy-flavor quarks are involved, it is mandatory to work in a relativistic framework in order to prevent pathologies and/or severe shortcomings. Our relativistic constituent-quark model (RCQM) is based on a relativistically invariant mass operatorM =M free +M int that includes the Q-Q interaction according to the BakamijianThomas construction [1] . In the rest frame of the baryon, P = ∑ 3 i k 2 i = 0, the free and interacting parts of the mass operator thus read
where the k i correspond to the three-momenta of the individual quarks with rest masses m i and the mutual Q-Q potentialsV ij are composed of confinement and hyperfine interactions.
By employing such a mass operatorM 2 =P µP µ , with baryon four-momentumP µ = (Ĥ,P 1 ,P 2 ,P 3 ), one satisfies the Poincaré algebra involving all ten generators {Ĥ,P i ,Ĵ i ,K i } of time and space translations, spatial rotations as well as Lorentz boosts, respectively:
The solution of the eigenvalue equation of the mass operatorM yields the relativistically invariant mass spectra as well as the baryon eigenstates (in the standard rest frame) [2] .
Goldstone-Boson Exchange in the SU(3) F Sector
In order to incorporate the property of spontaneous breaking of chiral symmetry of lowenergy QCD, the Graz group has proposed a RCQM with Goldstone-boson-exchange (GBE) hyperfine interactions between constituent quarks [3] . In addition to a linearly rising confinement potential, as following from lattice QCD, the model comes with a spin-spin hyperfine interaction of the form
where the λ a i are the SU(3) F Gell-Mann matrices and σ i the SU(2) S Pauli matrices of quark i. The GBE is cast into the exchange of pseudoscalar mesons π, K, and η, including the singlet η due to the U(1) A anomaly. The corresponding meson-exchange potentials as a function of the relative Q-Q distance r ij read
where g γ is the meson-quark coupling constant, µ γ the mass of the exchanged meson, and Λ γ an adjusted cut-off parameter. As immediately evident, the GBE RCQM produces a spinand flavor-dependent hyperfine interaction. It has hitherto been quite successful not only in describing the spectroscopy of all baryons with flavors u, d, and s in a unified framework but also in a number of baryon reactions [4] .
Extension of the GBE RCQM to Heavy Baryons
We have investigated, if the same model can be extended to include also baryons with flavors c and b in a consistent manner. Thus we have generalized the hyperfine interaction of eq. (2) to SU(5) F in the following manner
where the various meson-exchange potentials are assumed in the same form as in eq. (3). The complete parametrization of the SU(5) F GBE RCQM can be found in ref. [5] .
Obviously, this new construction also influences the Q-Q interaction in the SU(3) F sector (specifically through the diagonal elements in the flavor matrices λ 15 as well as λ 24 ). Therefore our first concern is to maintain the good performance regarding the baryon spectroscopy with u, d, and s flavors. In Fig. 1 we give a selective comparison of the SU(3) F and SU(5) F models vis-à-vis the experimental data.
It is found that the quality of light and strange baryon spectroscopy is comparable for both the SU(3) F and SU(5) F models. In the latter, some of the levels, such as the J P = 1 2 + Λ ground state, are even closer to experiment. A similar agreement occurs for the N, ∆, and Ω states. In particular, due to its specific flavor dependence, also the SU(5) F model produces the correct orderings of positive-and negative-parity excitations simultaneously in the N and Λ spectra. Heavy-baryon spectra as produced by the SU(5) F GBE RCQM (solid/red levels) in comparison to experimental data with their uncertainties, as quoted by the PDG [6] (dotted/green levels resp. boxes).
In Fig. 2 we show the results of the extended SU(5) F GBE RCQM for some heavy-baryon spectra. It appears that all levels can be reproduced satisfactorily. The same is true for the other cases not shown here because of space limitations.
At this stage we have succeeded in constructing a universal RCQM based on GBE dynamics that works in the whole baryon spectroscopy within SU(5) F . For heavy baryons, additional experimental data are highly desirable in order to better determine the model parameters and put the theory to more stringent tests. Similarly, applications to describing reactions with heavy baryons (e.g., form factors and decays) will be most interesting to study.
